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3.3 Automatic Test Systems 


EN E. 


„ ATS is segmented into three sub-markets: 


330070AC1 


Component test, 


burn-in and design diagnostics. 


Component test includes three sub-markets: 


and linear. 


Logic, memory 


Burn-in includes three sub-markets: Monitored, dynamic and 


static. 


Design diagnostics includes circuit probers and modification 
tools. 


Automatic Test Systems (ATS) encompass 
a broad range of equipment-in size and in 
function as well as in price. It includes all 
equipment that is used to electrically verify 
a device's functionality. VLSI Research has 
adopted the automatic test systems flow 
chart listed in Figure 3.3.0.0-1. The catego- 
rization of test systems is further subseg- 
mented in order to more appropriately 
group comparable test equipment. For 
example, logic testers are grouped into eight 
classes. These range from class 0 through 
class seven. The higher class numbers 
denote more complex systems. 


Linear testers likewise are categorized into 
two groups-those test systems which per- 
form the more traditional linear tests, and 
those which perform ‘mixed signal’ testing. 
Consequently, linear test systems are desig- 
nated as either traditional or mixed signal. 
The mixed signal test systems are further 
segmented based on the primary application 
of the mixed signal test system. 


Burn-In is segmented into three types of 
equipment: Monitored, dynamic and static. 


These segments encompass equipment used 
for quality control that is indigenous to 
semiconductor manufacturing. 


Design Diagnostics includes equipment used 
during the design phase to verify, or to 
modify a device to achieve some predeter- 
mined functional behavior so it can be 
manufactured in volume. This includes in- 
circuit probers such as E-beam or laser 
beam probers and modification tools such 
as Focus Ion Beam Systems. 


In general, testing-as it occurs within a 
semiconductor manufacturing facility—is an 
extension of the quality control department. 
Its roots go back to the earliest concepts of 
inspection for form, fit and function. Early 
in the life of the semiconductor industry, 
however, testing split away from quality 
control to become an entity in its own right. 
The concepts of testing encompass two key 
areas within a manufacturing environment. 
The first is wafer probe. The second is final 
test. 
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Figure 3.3.0.0-1 


AUTOMATIC TEST SYSTEMS 
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Historically, every semiconductor device 
manufactured has been tested. While there 
are some factories that have sample test, 
this has been a rare occurrence. When 
sampling test methods are used, there is 
little economic pressure to stress how quick- 
ly the test must be made. However, when 
more testing is required, speed is a primary 
concern because it determines the through- 
put and economics of the factory. Conse- 
quently, in those areas where more testing 
is performed, automated handling and 
testing equipment have come more into 


play. 


In general, a device will be tested at several 
different points during the manufacturing 
process. These points are shown in Figure 
3.3.0.0-2 which illustrates an abbreviated 
flow chart that traces manufacturing from 
wafer probing through shipment. Devices 
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Integrated Signal Processing 
Smart Power 
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Design 
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Static 
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receive their first electrical test as a com- 
pleted unit while still in die form at wafer 
probe. Manufacturers call this die sort, 
electrical sort or wafer sort. 


This electrical test signifies testing of each 
die on a wafer via automated electrical test 
equipment, or ‘Automatic Test Systems’ as 
they have come to be called. 


Devices will receive their first test in pack- 
aged form at ‘final test’. Final test normally 
consists of a three part test. These include 
testing at ambient (room) temperature, 
testing at the device's upper temperature 
limit and testing at its lower temperature 
limit. Environmental and sample electrical 
tests will be conducted later. 


Sometimes, parts are pulled from inventory 
and regraded. This occurs, for example, if 
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Figure 3.3.0.0-2 
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a ‘B’ grade unit is needed but only ‘A’ grade 
parts are available, or if a customer orders 
specialized testing. On these occasions, 
material may be returned to have additional 
testing performed. 


Consequently, in the flow of testing, some 
devices may be tested several times while 
others might be tested just a few times. In 
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fact, some devices could be tested as many 
as five times if they received both a pre- 
burn-in and a post burn-in test, a QC test, 
and are then recycled from stores for re- 
grading. On average, each device will be 
tested 2.5 times as it is produced. Once at 
wafer probe, once at final test and an addi- 
tional one-half time or so when averaged 
across all other test points. 
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3.3.1 Current ATS Industry Characteristics 


PE: 


The semiconductor automatic test system industry arose from 


in-house design groups. 


The founding of Teradyne in 1960 marks the inception of the 


ATS industry. 


Test productivity is a key factor in determining the competitive- 
ness of a semiconductor manufacturer. 


Automatic Test Systems (ATS) exist to 
ensure the integrity, quality and—to some 
degree—the reliability of semiconductor 
components. These testers consist of elec- 
tronic systems whose function is to generate 
a large ensemble of signals, to establish the 
appropriate test patterns, to properly set 
them in sequence and then use them to 
drive the semiconductor component itself. 


This is all done while the tester is simulta- 
neously establishing an equally large ensem- 
ble of expected results with which to com- 
pare the component's response. Since these 
ensembles can often times consist of billions 
of bits of data, the test system must be quite 
complex in order to keep everything in 
place and quite fast in order to get every- 
thing done economically and on time. In 
fact, the technology used is so advanced that 
semiconductor companies often look to the 
needs of ATS as key drivers of IC technolo- 


gy. 
3.3.1.1 Development of the ATS Industry 

Automatic Test Systems had their begin- 
nings in three industries-semiconductors, 


computers and test & measuring instru- 
ments. Vestiges of these industries remain 


today, but in differing proportions to the 
impact they have made. It is tempting, but 
erroneous, to equate Automatic Test sys- 
tems with the test and measuring equipment 
industry. 


The design of semiconductor test systems 
arose predominantly from the efforts of in- 
house design groups at companies such as 
Fairchild, Signetics and Texas Instruments. 
Fairchild’s earliest full-sized system, the 
Fairchild 4000 is shown in Figure 3.3.1.1-1. 
The Signetics test equipment referred to is 
no longer on the market. At one time this 
unit was offered as the Signetics Model 
1420. Similarly, Texas Instruments at one 
time offered several testers to the industry. 
They are now a captive producer of test 
equipment. 


These early companies primarily manufac- 
tured test equipment for their own internal 
use. Teradyne entered the market in 1960 
as the very first full-merchant supplier of 
test equipment. Its first product was a 
diode tester. The company’s first integrated 
circuit tester, Model J259, was introduced in 
the mid sixties. This model was ‘soon fol- 
lowed by the J283 'slot' machine (Figure 
3.3.1.1-2). A conceptual feeling of the 
complexity of this era can be appreciated 
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Figure 3.3.1.1-1 


Fairchild Model 4000M System with Model 5800 Dynamic Test Bay 
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Ref: Teradyne 
2234-14 


Figure 3.3.1.1-2 


The Teradyne J283 SLOT Machine 


from excerpts from the Teradyne J283 


brochure: 


The J283 (also called the SLOT Machine 
because of its Sequential Logic Testing 
capability) is a high-speed functional and 
DC parametric test system for digital ICs. 
Capable of supporting up to eight test sta- 
tions (manual, automatic, prober, or any 
combination thereof), it is ideal for any 
application demanding high productivity. 


The J283 is available in configurations 
with 18, 24, 36, 48, and 60 channels, with 
possible expansion to 120 channels. The 
computer is an 18-bit Teradyne M365, 
and a CartriFile magnetic tape unit is 
included as standard equipment. Among 
the many convenient features included is 
a CRT presentation of the logic applied 
to any six channels through any 16 steps 
in the test sequence, an invaluable aid in 
program debugging. 
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Features: 


€ All channels include both drivers and 
detectors, all under program control. 


€ Up to eight multiplexed test stations 
with a single system. 


® On-line pattern generation for LSI 
testing. 


e Bipolar and MOS voltage levels. 


€ Fast, convenient data logging on mag- 
netic tape. 


€ Interfaces available to all popular han- 
dlers and probers. 


e Fast (100 kHz) functional testing plus 
highly precise (1 mV, 1 nA resolution) 
dc measurements. 


e On-line editing, distribution analysis in- 
cluded in Teradyne software. 


While this description is archaic by today's 
test standard, it was very advanced for its 
time. To see just how advanced, review Jim 
Healy’s description from his book. 


“Semiconductor ATS had its beginning, as 
one might expect, in the same place that 
semiconductors were first produced in 
quantity. Fairchild Semiconductor recog- 
nized the need to automate the test pro- 
cess. Tests on transistors were performed 
with a separate bench set-up of instru- 
mentation for each type of test. This was 
a long and laborious process. Each test 
required that the device be inserted into 
a different test set-up. It was soon real- 
ized that if the device could be tested with 
a single insertion, the cost of testing could 


t James T. Healy, "Automatic Testing and Evaluation of 
Digital Integrated Circuits", Reston Publishing Co., Inc. 
1981. 
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be reduced—to say nothing of the other 
obvious benefits. 


Fairchild’s first automatic tester, the 
Model 300, was built by the newly formed 
Instrumentation Division. It consisted of 
a set of different force and measuring 
units that were constant voltage and cur- 
rent sources. Plug-in cards were used to 
connect the various instrumentation to the 
relevant device-under-test terminals. An 
automatic sequencer selected the proper 
plug-in cards in the sequence in which 
they were inserted into the tester. All 
programming was done by resistor selec- 
tion on the plug-in cards. To make effec- 
tive use of the Model 300, the engineer 
literally had to make resistors. A plug 
board was used for direct classification of 
the devices into various pass and fail bins, 
depending on the test result. 


Although primitive, this system worked. 
That was 1960. Not long after, a company 
was formed in Boston with a charter to 
develop semiconductor ATS. The compa- 
ny was called Teradyne, and with its in- 
ception the ATS industry was born." 


Fairchild introduced the Model 4000 in 
1964. The Fairchild Sentry 400 was subse- 
quently introduced in 1969. Generations of 
integrated circuit testing and test methods 
date back to innovations made by Teradyne 
and the Fairchild early machines. A birds- 
eye view of the history of the industry is 
shown in Figure 3.3.1.1-3. It depicts the 
evolution of major lines of equipment by 
the major suppliers. (The time line is dis- 
torted to better accommodate the data.) 


The Impact of End Users 


This evolution in test equipment suppliers 
coincided with changes in the test equip- 
ment user’s side of the market. In the past, 
these test equipment users were merely 
divided into two major segments—the semi- 
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conductor producers and the semiconductor 
users. The former group generated demand 
for production types of testing while the 
latter group generated demand for incoming 
inspection types of testing. Initially, there 
was approximately a 50-50 split between 
each segment. 


This ratio began to rapidly change in the 
late seventies. At first, it appeared that 
much greater activity and interest was being 
generated in testing for incoming inspection. 
However, it was soon to become apparent 
that much of these purchases were for 
installation in new captive semiconductor 
manufacturing facilities, rather than at 
incoming inspection sites. In fact, the 
equipment was being purchased for use in 
internal manufacturing purposes and was 
also being shared with incoming inspection 
departments for their needs. As time 
passed, production testing garnered more 
and more of tester sales. By 1983, produc- 
tion testing accounted for 84% of all test 
sales while incoming inspection accounted 
for just 16%. The captive segment account- 
ed for most of this growth. In contrast, in 
1977 captive purchases of testers for pro- 
duction amounted to only 12% of the total 
market. 


In addition to the semiconductor industry, 
the computer industry has had, and contin- 
ues to have, profound effects upon test 
equipment. In the early sixties, this was due 
to the difficulty of testing computers. For 
example, the uncertain testability of the 
IBM System 360 and the Illiac IV computer 
stimulated the development of new test 
methods by several research teams. These 
efforts ultimately led to several computer 
aided test pattern generation methods 
compatible with computer aided design 
systems. Roth’s ‘D’ calculus and Seshu's se- 
quential analyzer are two specific methods 
developed. They created the mathematical 
framework around which conceptual test 
systems could be architected. These sys- 
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tems eventually led to the functional testing 
methods for digital systems. However, 
VLSI circuits soon became bogged down 
from the difficult and time consuming meth- 
ods of functional testing. Once again, the 
computer industry came to the rescue and 
solved the problem with on-chip testability 
methods. 


The computer industry’s impact on testing is 
through its customer base rather than 
through its test groups. It is the availability 
of inexpensive computers that is allowing 
the automation of factories. This in turn 
has caused conventional automatic test 
equipment to become a part of the control 
mechanisms used in the automated factory. 
As the automated factory evolves, it will 
come to provide the controls necessary to 
build the part correctly the first time. 
Hence, ‘test may no longer be needed. 
This is because ‘test’ implies that the prod- 
uct might be defective, so it must be com- 
pletely tested for ‘goodness’. However, such 
an approach has proved too complex and 
too costly. Since defective devices are 
caused by process variations, it makes more 
sense to control the process tightly instead 
of using the costly approach of testing out 
process variations on each and every part. 
Hence, process diagnostics came to be 
stressed over component testing in the early 
eighties, resulting in lower ATS market 
growth. 


The computer industry has also had an 
equally strong role in generating the need 
for memory test systems, just as it played an 
important role for other types of test sys- 
tems, as well as for factory automation. 
Initial memory efforts were focused on 
modifying logic testers to test memory 
devices. This in turn led to separate func- 
tion generators whose purpose was to pro- 
duce a defined set of patterns, hence they 
were first called pattern generators. Today, 
the pattern generator is a very small part of 
a memory tester. 
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Development of Logic Testing 


Historically, the emergence of modern ATS 
was marked by the development of digital 
test equipment. The digital IC test equip- 
ment industry has had the longest and 
richest history of all. Moreover, it has 
spawned almost all other test equipment 
categories. A single exception is the dis- 
crete tester segment, which had evolved 
earlier, and which spawned the digital logic 
IC test equipment industry. 


As mentioned, early developments of digital 
IC testers included the Fairchild 4000 and 
the Teradyne J259. By 1970, numerous 
companies were serving the market. A few 
notable names included AAI, Birtcher, E-H 
Research, Fairchild, Macrodata, Hewlett- 
Packard, Optimized Devices Inc., Signetics, 
Teradyne, and Texas Instruments. By 1974, 
just six of these remained. 


The industry had its first downturn in 1970, 
but sales picked up quickly again and sever- 
al new competitors entered the business. 
These companies were Ando, Datatron, 
GenRad, Minato, Takeda Riken—now Adva- 
ntest, Tektronix and Siemens. Teradyne 
remained the leader during that period. By 
August of 1974, Teradyne was reporting 
quarterly sales of $15.3 million for a single 
quarter. This was up 68% from the previ- 
ous year. At that time, it appeared that 
Teradyne’s sales would reach $60 million by 
the end of the year making it the world’s 
largest semiconductor equipment supplier at 
the time. But these projections were soon 
to be wiped out by a new business downturn 
in 1974. It was to be one of the worst 
downturns in component test equipment 
history. 


By 1976, the industry had recovered from 
this recession and total industry sales 
reached a new high of $102 million. The 
industry was again becoming competitive. 
The Fairchild Test Systems Group began a 
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renewed drive for leadership that thrust it 
back into the industry’s top position in test. 
So by 1979, it had again emerged as the 
number one company in sales, not only in 
test, but also among all semiconductor 
equipment manufacturers. Fairchild sales 
for component test systems had reached 
$111 million by 1979, making it the first 
semiconductor capital equipment company 
to pass the $100M mark in annual revenues. 


The cleaving of logic testing into two seg- 
ments was another important aspect of the 
post 1975 competition. Microprocessor test 
equipment emerged as a separate branch in 
late 1975, with the founding of Megatest 
Corporation. Prior to this, in the early 
years of microprocessors, this segment of 
the industry was serviced by general pur- 
pose digital IC testers. The market for 
microprocessors was too small to attract 
major new equipment designs. 


In the early seventies, demand for memory 
devices was exceeding demand for logic 
devices in ratios greater than twenty to one. 
Immense pressure was placed on semicon- 
ductor test equipment manufacturers to 
solve the memory testing problems. Conse- 
quently, machines developed at that time 
tended to have features that favored memo- 
ry testing. 


But microprocessor test requirements differ 
significantly from those of memories, and 
from those of most other logic devices. 
Memory testing relies upon repetitive and 
fairly straightforward addressing schemes. 
Data output from a memory is usually 
available in the very next clock cycle after it 
has been put in. Microprocessors, on the 
other hand, operate from a set of functional 
commands. These commands are not usual- 
ly developed from straightforward address 
sequences. Moreover, the data at the out- 
put of a microprocessor might not become 
available until many clock cycles after it has 
been inputted. This gives rise to much 
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more complex test sequencing and test 
clocking schemes than is required for mem- 
ories. 


Therefore, in the early years of micropro- 
cessors, substantial effort was being expend- 
ed to adopt existing digital test systems to 
the testing of microprocessors. Consequent- 
ly, the larger manufacturers invested in 
equipment modifications and innovations, 
rather than in specific equipment to suit the 
needs of microprocessor manufacturing 
lines. 


By 1977, test systems had become very 
complex. Each pin being tested by the 
DUT [device under test] was backed up 
with an enormous amount of electronics. 
This came to be known as the pin electron- 
ics, and the PC board upon which it is 
mounted came to be known as the pin 
electronics card. Figure 3.3.1.1-4 shows a 
symbolic schematic of the card. The entire 
card and its associated drive circuitry subse- 
quently came to be known as a ‘channel’, so 
a tester capable of testing 256 pins was said 
to have 256 channels. But it was soon 
recognized that the channel performed dual 
functions—both that of being a driver and 
that of a comparator. So a 256 pin channel 
could really serve 512 pins if these were 
separated out. Hence, most large testers 
are specified either as single or as dual 
channel systems according to their pin 
electronics card's capability. 


Also, by the mid-seventies, the test signals 
that could be transmitted and received 
through the channels had become very 
complex, even though they were still digital 
in nature. Figure 3.3.1.1-5 depicts the kinds 
of digital timing signals that are used. 


In 1978, Fairchild Test Systems Group 
introduced the Sentinel (Series 10) test 
system. This marked the beginning of a 
new era in microprocessor testing. The 
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equipment was evolving to a more general 
purpose nature in order to meet the in- 
creasing complexity of new microprocessors. 
The microprocessors at this time had sev- 
eral different types of circuits on the chip. 
They often consisted of on-chip RAMs, 
masked ROMs, EPROMs and program- 
mable logic arrays. Such complexity re- 
quires general purpose testing capabilities. 
The Series 10 machine was therefore quick- 
ly accepted by the industry. 


By 1979 it had also become clear that a new 
generation of general purpose logic testers 
was called for. The need for this new gen- 
eration was predicated upon issues concern- 
ing design-for-testability. It would eventual- 
ly become known as the VLSI tester. This 
had, in turn, been predicated upon scan-set 
testing. The overall impact caused major 
changes in both test equipment and comput- 
er aided-design (CAD) equipment. Testa- 
bility issues centered around two manufac- 
turing requirements: First, the requirement 
to quickly ensure testability; second, the 
requirement to reduce programming and 
test time. One objective of design-for-test- 
ability has been to improve productivity 
through better design and through better 
utilization of testing resources. Another ob- 
jective has been to limit the rapid rise in 
testing time that occurs because of VLSI. 


Scan-Set testing emerged as a result of 
immense pressure for new kinds of testing 
that was being generated by the computer 
market. This was due to the impact of the 
large main frame computer producers such 
as IBM, Honeywell, and Sperry/Univac. 

Scan-set testing evolved under several 
names. At IBM, it went by the rather 
esoteric name of LSSD, meaning "Level 
Sensitive Scan Design." At other places it is 
called either scan-set or "Scan-Path". What 
it involves is on-chip testing-meaning de- 
signed-in test circuits right on the chip 
itself-and totally restructured test systems. 
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331070AB9 


Device 
Under 
Test 


| Driver Voltage High | Е 
| DVHA—O* | 
| DVHB—Q 4 | 
| рун со | 
| DVHD —— | 
اا‎ 1 

Ref: GenRad 


2234-17 


Typical Test Head Pin Electronics Cards 


VLSI RESEARCH INC 


33.1 9 


oe a Cmm сүт 


TIMING 
GENERATOR 
(TG) 


NORMAL (NRZ) 
NON-RETURN-TO 


INVERTED 
NRZ 


NORMAL (RZ) 
RETURN-TO-ZERO 


RETURN-TO-ONE 
ON INVERTED 
DATA (АТО} 


RZON 
INVERTEO 
LL —L DATA 
الال‎ 
EXCLUSIVE ОЯ 
AND TG (XORI 


EXCLUSIVE МОН 
OF TEST PATTERN 


Time Period Té Through T5 


Ref: Healy, Reston Publishing, 
‘Automatic Testing and Evaluation of Digital Integrated Circuits" 
2234-18 


Figure 3.3.1.1-5 


Tester Waveforms 


Development of Memory Testing 


Memory testing of semiconductor compo- 
nents dates back to the late sixties. J-K flip 
flops and long shift registers had begun to 
be produced and tested in fairly large vol- 
umes. In addition, some small memories 
were emerging as well. In 1969, Intel intro- 
duced the 1101, a 256 bit dynamic RAM. 
By that time also, digital logic testers had 
begun to incorporate long recirculating shift 
registers into the test head to steer the 
driving circuits. However, this approach 
was cumbersome for memory testing. 
Industry pressure was directed at having a 
true pattern generator capable of changing 
patterns on-the-fly. 
| 
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E-H Research Laboratories was one of the 
earliest suppliers to provide such pattern 
generators. However, the most widely 
accepted generator was the Macrodata 
MD100, which was introduced in 1971. It 
was to become the standard bearer around 
which the entire industry would rally. A 
picture of MD100 front panel is shown in 
Figure 3.3.1.1-6. The Teradyne J384 also 
was marketed at about this time. 


In the seventies, the market was character- 
ized by rapid evolution in tester complexity 
and capability. Memory testers emerged as 
a separate branch of IC testers. Memory 
applications were growing so rapidly that 
demand for semiconductor memories drove 
the memory tester market to very high 
growth rates by the mid-to-late seventies. 
Market growth for memory systems some- 
times exceeded 7546 per year. 


Teradyne and Macrodata were the two 
major players in memory testing during this 
period. But by 1974, Teradyne had cap- 
tured the major market share from Macro- 
data—about 36%. Its 1974 sales in memory 
component testers stood at $6.0 million. 
Macrodata was then number two with $4.5 
million in sales and a 2796 market share. 
More than a dozen other companies scram- 
bled for the remaining 37% of that 1974 
market. 


Exceptional market demand for memories 
accelerated the memory tester market to a 
peak market share of about 28% by 1978. 
Memory testers had undoubtedly become 
the fastest growing segment of all automatic 
component test equipment. But this picture 
faded in the early eighties due to strong 
competition and to rapidly increasing test 
times. Test economics had become the 
primary issue, thus the industry was plagued 
with price cutting. American semiconductor 
companies took the tact of buying lower 
cost testers. Japanese manufacturers took 
the tact of buying more expensive, but more 
productive parallel testers. These strategic 
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decisions played a significant role in the 
strong shift of memory device market to 
Japan. 


Greater productivity of capital was the lever 
Japan used to become the world leader in 
semiconductor memories. Japanese custom- 
ers did not believe that the low-cost testers 
as an answer to test economics. In contrast, 
they focused on test quality and upon paral- 
lel testing for productivity. This philosophy 
resulted in surprising competitive displace- 
ments, in increasingly international sales 
demographies, and in a strong emergence 
by Japanese test equipment suppliers. 


With Japan's thrust into the memory mar- 
ket, American dominance of the memory 
tester market quickly shifted to favor Japa- 
nese equipment suppliers. Takeda Riken 
(since renamed as Advantest) emerged as 
the largest supplier of memory test equip- 
ment in 1981. Teradyne was one of the few 
American companies to recognize the shift 
to Japan. Teradyne managed to successfully 
implement niche strategies. In the U.S. it 
focused on memories other than DRAM's 
and on supplying captive manufacturers. 
Meanwhile, it invested heavily in Japan, 
shifting some manufacturing and design 
there. 


Development of Linear Testing 


During the late sixties, linear automatic test 
systems were emerging as well, and it too 
had its roots in logic test systems. Linear 
IC test methods grew directly from the 
application of logic testers to the testing of 
operational amplifiers. Virtually all original 
linear IC's were operational amplifiers. 
Linear integrated circuits were first shipped 
in volume in 1966. But a mere 2.3 million 
units were shipped that year. However, by 
1968, shipments had jumped to 18 million 
units and the linear IC industry was feeling 
the pressure for a good tester. 


VLSI RESEARCH INC 
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The strong trend in operational amplifiers 
and voltage regulators continued well into 
the early seventies. This rapidly increasing 
complexity of linear integrated circuits 
propelled the linear device industry through 
three phases of circuit types and conseq- 
uently through three stages of testers. The 
first stage might be described as the opera- 
tional amplifier era. During this period, 
circuits such as operational amplifiers, com- 
parators and voltage regulators were brou- 
ght into operation. The circuits drove the 
linear tester market of the early seventies. 


During these early years, demand for linear 
test systems favored operational amplifier 
testers so strongly that the linear test equip- 
ment market never developed a broader 
line of testing capability. Operational am- 
plifiers, comparators and voltage regulators 
could all be tested conveniently with digital 
test methods, provided that the user was 
willing to design a ‘linear test adapter box’ 
for each and every linear IC product line he 
wished to test. Machines such as the Fair- 
child 4000 and the Fairchild 5000C did an 
admirable job for this, so long as the linear 
IC to be tested was imbedded in that box, 
and provided its outputs could be read by 
the digital test equipment as voltage and 
current parameters. 


Eventually the ‘box’ terminology was 
dropped and the circuitry came to be known 
simply as a ‘linear test adapter’. When a 
digital machine is used in this fashion, its 
main function becomes merely that of acting 
as a programmable power supply source, a 
programmable measurement system and a 
software data converter. The major digital 
test portions of the system usually are left 
unused. 


From a testing viewpoint, the op amp era 
focused linear test issues directly away from 
the digital controller and its associated relay 
switching matrix and onto the linear test 
adapter itself. The issue to resolve became 


one of how to imbed the linear circuit into 
such a digitally controlled matrix. 


Three approaches were taken. Fairchild 
offered its digital systems as mentioned 
above, but left fabrication of the linear test 
adapter to the customer. A few specialized 
testers were made between 1978 and 1980, 
but these consisted of nothing more than a 
specialized linear test head. Next, Teradyne 
introduced the J273. This was a totally 
integrated system that contained the linear 
test adapters along with the rest of the 
automated test system. This system repre- 
sented the first true advance in linear test 
systems design. Unfortunately, the linear 
test adapters were in the mainframe and 
could only be accessed via a long cable. 
This type of architecture is referred to as a 
hybrid test head architecture. All other 
companies at this time were offering spe- 
cialized bench top equipment. These ben- 
chtop testers were dominantly nothing more 
than just a single linear test adapter with a 
few extra control circuits and power sup- 


plies. 


During this period, Teradyne was the only 
company offering a machine that was gener- 
ally acceptable to the industry. By 1977 
Teradyne had captured 7496 of the linear 
testing market. Fairchild was then number 
two, with about 25% of the market. 


Nevertheless, events had already been set in 
motion which would displace the dominance 
of these two companies. The second phase 
in linear circuits combined both analog and 
digital functions in a single chip. Digital to 
analog (D/A) converters began to appear in 
the early seventies. Frequency-to-voltage 
(F/V) and voltage-to-frequency (V/F) 
converters were also introduced by 1975. 
By 1977, the dam had burst for demand for 
totally new machines to test these circuits. 


Teradyne and Fairchild were slow to re- 
spond to the market place. The market for 
testers with both digital and analog test 
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capability was then too small. Consequent- 
ly, most of the first generation of analog- 
digital testers were custom built. These 
custom units included some analog instru- 
ments, a digital clock, and the use of a 
golden device against which to compare. 
But these testers offered only simple com- 
parisons between the DUT and this so- 
called golden device. The tester itself could 
only provide simple pass-fail answers. No 
grading parameters were obtained. More 
importantly, there was no guarantee that a 
complete test of the device was performed. 


A second generation of linear testers incor- 
porating standard digital testers and special- 
ized analog instrumentation was designed. 
This approach provided better analysis of 
signals. At the same time, analog test 
manufacturers merged digital test capability 
into their testers. However, neither of these 
testers had the capability to analyze cross- 
characteristics between the digital and 
analog portions of the circuit. The systems 
needed digital signal processing capability in 
order to do this. Such capability would 
allow conversions of all analog signals into 
digital code. This gave linear engineers an 
additional benefit: digital test programming 
methods could be applied once all testing 
was done in a digital format. Key parame- 
ters and measurements could now be 
changed by simply changing the program. 
These issues laid the foundation for the 
third generation of linear testers. 


In 1977, National Semiconductor contracted 
for a custom design of such a linear tester 
from Lorlin Industries. Simultaneously, a 
group of key linear design engineers left 
Teradyne to form LTX. LTX was the most 
innovative of the two, and so, soon came to 
dominate linear testing. LTX was the 
dominant force in linear testing throughout 
the eighties. Its MTS77 is probably the 
longest lived system to maintain market 
dominance in the history of the semiconduc- 
tor equipment industry. It is shown in 
Figure 3.3.1.1-7. 
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Figure 3.3.1.1-7 


The LTX MTS77 Modular Automatic Test System 


The Eighties 


By 1981, it had become clearly recognized 
that VLSI testing was not just a more com- 
plex form of LSI testing, but it was a new 
methodology as well. Three things were 
different about this approach. First, at 
IBM, several chips were mounted on a 
ceramic substrate much like a hybrid circuit. 
Second, as mentioned previously, scan-set 
test methods are used. Third, fault diagnos- 
tics were also used. Consequently, all of the 
complexities of board level testing were 
added to those of component level testing. 
A few of these complexities are: (1) The 
wafer prober began to take on the work of 
an upside-down bed-of-nails tester. (2) The 


pin count and probe quantity increased 
enormously—several hundred probes were 
not unheard of. (3) CAD/CAT (Computer- 
Aided Design/Computer-Aided Test) was 
essential. A high speed data bus back to 
the main computer became an integral part 
of the system. (4) Automatic test sequence 
generation, fault simulation, fault diagnos- 
tics and fault location procedures were 
essential. 


In essence, as VLSI testing evolved it came 
to contain board test methods, component 
test methods and fault generation routines 
all tied up into one highly integrated large- 
scale system approach. It was, and is, true 
VLSI testing. 
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By our measure, the three essential ele- 
ments that came to differentiate true VLSI 
component testers from their general pur- 
pose LSI predecessors were namely: a tester 
per pin architecture, a workstation environ- 
ment, and a high speed data bus. Addition- 
al equipment feature changes that evolved 
to accommodate these essential elements 
included: Asynchronous clocks, On-the-fly 
I/O switching, 256 to 512 pin capability, 40 
MHz to 100 MHz clocks, structured pro- 
gram languages, High speed—on line—mass 
memory and test procedure controllers. 


The VLSI test equipment market did not 
prove easy to enter. It bankrupted Accu- 
test. GenRad planned to expend $20M for 
its start-up, but actually spent more than 
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$40M. Most of the early start-ups were not 
successful in this new market, the only 
exception was Trillium. Trillium was started 
by a team that left GenRad which had 
previously left Fairchild. It was this design 
team's third effort at a VLSI tester and it 
proved to be enormously successful. Trilli- 
um pioneered the use of engineering work- 
stations in testers. (See Figure 3.3.1.1-8). 
They also borrowed the tester-per-pin con- 
cept from Megatest. The combination of 
these two technologies enabled them to be 
the only successful VLSI ATS start-up. This 
also brought LTX into the logic segment 
through its funding of Trillium. This would 
later prove invaluable to LTX when they 
entered mixed signal testing. 


2234-63 


Figure 3.3.1.1-8 


Trillium's Micromaster Workstation 
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Figure 3.3.1.1-9 


Megatest’s MegaOne Automatic Test System 


While not a start-up, Megatest was also 
critical in the development of VLSI ATS. 
Megatest pioneered the tester per pin 
concept with its Megaone™. (See Figure 
3.3.1.1-9). At the time, Megatest was a 
small supplier of dedicated systems with a 
reputation for youthful innovativeness. 
Many considered them to be the ‘Apple’ of 
the ATS market. Like Apple, Megatest was 
faced with the problem of overcoming the 
popularity of its first system. Like Apple’s 
MacIntosh™, the Megaone established 
Megatest as a serious top contender and its 
tester-per-pin architecture forever changed 
the way in which engineers thought about 
test systems. 


Meanwhile, a more potent threat emerged 


from Japan. Japan’s VLSI program of 1976 
pushed Japan into the forefront of shared 


resource tester technology.  Advantest 
(formerly Takeda Riken) pioneered the 
emergence of high speed and high pin 
counts. This was extremely critical for 
American captives. Consequently, between 
1979 and 1982, American logic test system 
manufacturers suffered a sharp drop in 
market share, from 85% to 67%. Japanese 
manufacturers supplied virtually all of the 
remaining 33% share. Fairchild lost its 
dominant position and Advantest became 
the largest supplier of logic test systems in 
the world. It had emerged from virtual ano- 
nymity in only five years to surpass most 
American companies, as well as its Japanese 
rival, Ando. 


The Japanese's strength in logic testers 
carried over into their memory test systems. 
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This strength caused a dramatic shift both 
in market segmentation and in memory 
equipment architecture. 


In 1983, 64K DRAM prices stood at about 
$5.00. Ву 1984, they had dropped to 606. 
This market movement to Japan was a 
direct result of Japanese manufacturer's 
commitment to the memory market. They 
invested heavily in high volume plants that 
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were dedicated to DRAM memory produc- 
tion. As a result, these plants were much 
more cost effective than were those in the 
U.S. This proved to be a bonanza for Japa- 
nese test equipment suppliers in the mid- 
eighties. Figure 3.3.1.1-10 depicts a modern 
Japanese tester from Advantest. Figure 
3.3.1.1-11, 12 & 13 shows Teradyne's J937, 
Schlumberger's S90 and Megatest's Genesis 
II memory testers respectively. 


Ref: Advantest 
2234-21 


Figure 3.3.1.1-10 


The Advantest T5381 Memory Test System 
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Ref: Megatest 
2234-45 


Figure 3.3.1.1-12 


Megatest's Genesis Il Automatic Memory Tester 
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Ref: Schlumberger 
2234-44 


Figure 3.3.1.1-13 


Schlumberger's Model S90 Automatic Memory Tester 


The technological driving force for memory 
testing is simply an expansion of the drive 
for increased memory capacity. This trend 
to move from 64, to 256, to 1 Mbit to 4 
Mbit is important because worldwide mem- 
ory test time demand is so dominated by 
DRAM's: They consume a majority of 
memory test time demand. Consequently, 
one of the few opportunities lies in the 
niche market for testing high speed static 
RAM's. Even though this market is rela- 
tively small, it is technology driven, thus it 
can command higher tester prices. 


In addition, one of the hottest areas of 
memory test in the late eighties and early 
nineties is that for Video RAMs—or VRA- 
М5 а5 they are popularly known. VRAM's 


were pioneered in the United States for 
rapid refresh of graphic displays. Digital 
TV also uses lots of memory. The more 
advanced designs can require as much as 
16M bits of memory. Some Japanese com- 
panies expect VRAM's to consume between 
30 and 50 percent of all DRAM production 
by 1995. 


The need for increased memory is a result 
of the need for fast display updating of high 
resolution displays. It requires a different 
memory design because of the dual tasks of 
image updating and screen refreshing. Each 
task vies for the frame buffer at the same 
time. The display memory is stored in the 
frame buffer. A dual ported video RAM 
solves this problem. Each port has its own 
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memory. There is also a shift register on 
the chip and an unusually wide internal bus 
linking both RAM's. Each RAM works in- 
dependently most of the time. But once a 
display is updated, it needs to be dumped 
almost instantaneously to the other RAM 
for screen refresh. This is why the wide bus 
is needed. 


A typical test strategy includes all the tests 
common to DRAM's such as: DC paramet- 
rics, power supply current, high voltage-low 
voltage, functional sequential port sort test 
and cross talk test. Unique tests would 
include a clock shift range test, data hold 
time, verifying transfer cycle from shift 
register to memory array, testing tap points. 


Such complexity in memory devices would 
appear to require a highly complex tester. 
And in fact, some companies are using 
VLSI Logic testers to test such parts. But 
this is a costly approach and a new genera- 
tion of high speed GP memory tester is 
needed. 


The eighties has also seen the emergence of 
analog-per-pin test head architecture in 
linear test systems. This architecture was 
pioneered by Axiom and Attain. These 
linear systems are—at-heart—mixed-signal 
test systems that can test both mixed signal 
and linear circuits. (See Figure 3.3.1.1-14) 


The Teradyne A500 is a mixed signal tester 
with a hybrid test head architecture. It is 
depicted in Figure 3.3.1.1-15. A brief sys- 
tem block diagram for it is shown in Figure 
3.3.1.1-16. 


Another feature appearing a most mixed 
signal testers is the ability to put virtual 
oscilloscopes and virtual spectrum analyzers 
on the screen's display and pull-down win- 
dows. A typical presentation from the 
Teradyne A500 is shown in Figure 3.3.1.1- 
17. The heart of Teradyne's A500 Analog 
VLSI Test System is the Vector Bus Il, 
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which integrates analog and digital VLSI 
test capability at the system level—rather 
than at the test head. The Vector Bus II 
provides system-level synchronization, 
mixed-signal event control and multisource 
data mixing. 


As mentioned, the merging of digital and 
analog circuitry has brought about a renais- 
sance in the linear market. A key driving 
force was the merging of the telecommuni- 
cations market with the microprocessor 
market. Techniques such as digital signal 
processing which use microprocessors to 
analyze analog signals have also come into 
the forefront. 


An example of one such application is the 
Modem. The need for linking computers 
together into worldwide networks became 
inevitable as digital computer applications 
grew. This brought to bear some of the 
first issues on linear applications. Original- 
ly, the world’s telephone and telecommuni- 
cation systems used only analog transmis- 
sions. Demand for transmission of digitized 
computer data fostered the need for the 
Modem (modulator-demodulator). Modems 
are used to convert digital bit streams into 
analog signals at the transmitting telephone. 
Another modem reconverts those analog 
signals back into a digital bit stream at the 
receiving end. 


But demand for digital telephone transmis- 
sion systems has outgrown the analog por- 
tion as the amount of computer networking 
has grown. Today, a large portion of all 
telephone transmissions consist of digital 
data rather than voice data. So it has be- 
come more efficient to pulse-code-modulate 
voice signals and to change them into digital 
signals rather than vice-versa. This in turn 
is leads to integrated digital systems, or 
ISDNs, as the telephone companies call 
them—meaning Integrated Services Digital 
Network. 
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Figure 3.3.1.1-14 


Mixed Signal Testers are those which can process information from circuits that accept 
and return digital signals while processing them as analog ones, or vice versa. 


The reason for this switch to digital is relat- 
ed to the number of channels which can be 
carried over a pair of wires. An analog 
transmission can carry 12 voice channels on 
a single pair of wires. But up to 32 digital 
voice channels can be carried on the same 
pair*. Therefore use of digitized voices on 
existing lines would increase the capacity of 


America's phone system by more than two 


and one half times, without requiring fur- 


t Martin, James, "Telecommunications and the Computer", 
1976, pg. 266. 


ther investment in cabling or installation. It 
is not surprising then, that the phone com- 
panies show such interest in digital phone 
systems. 


There is another benefit with digital trans- 
mission systems. In an analog transmission, 
noise is amplified whenever the signal is 
amplified. So noise tends to accumulate 
when signals are transmitted over long lines. 
This does not happen as rapidly with a 
digital system. Digital systems thus extend 
the useful life of phone lines, since their 
transmissions can continue to be sent over 
the older and the more noisy phone lines. 
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Figure 3.3.1.1-16 


VECTOR BUS II" ARCHITECTURE 
OF THE TERADYNE A500 
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Figure 3.3.1.1-17 


Virtual Oscilloscope Display Via Windows on the A500 


The analog signals might become buried in 
noise on the same type of line. 


Recent introduction of U-interface integrat- 
ed circuits provides the last link in achieving 
a complete integrated services digital net- 
work. This will now make it possible to 
have new applications for both customer 
and telephone company equipment. The U- 
interface connects the user's communica- 
tions device with the telephone company's 
central office switching equipment and 
allows the user to accomplish full ISDN 
transmission for the first time. 


Implementation of digital networks has also 
generated a need for another communica- 
tion circuit called the codec (coder-decod- 
er) Codecs are used to convert analog 
signals into digital signals for digital sys- 
tems. With digital systems, each phone 
must have a codec in order for it to func- 
tion properly. Codecs perform the inverse 
function of modems. They convert analog 
signals into digital codes. This is accom- 
plished by using Pulse Amplitude: Modula- 
tion (PAM) and Pulse Code Modulation 
(PCM). 
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Pulse Amplitude Modulation consists of 
chopping a signal into tiny increments of 
time, and then encoding the signal into a 
series of digitized pulses. Since the ampli- 
tude range of the pulses is continuously 
variable, they are still in analog form, not 
digital. They look like a sawed up version 
of the original sine wave or digital code. 
The next step is to pulse code modulate 
(PCM) each PAM signal. PCM offers the 
advantages of reducing the total number of 
bits needed to transmit the signal. Only 
limited samples of the total PAM signal 
need to be coded in order to faithfully 
reconstruct the original sinusoids at the 
receiving end. Consequently, the bit 
streams from several PCM sinusoids can be 
compacted into a length that is similar to 
that of single PAM signals from the original 
signal. This offers an economic benefit by 
speeding up data transmission substantially 
as well as compacting the total signal. 


Another important category of circuits 
driving mixed signal testing is integrated 
signal processing (ISP). These devices were 
originally developed for telephone use, but 
have found many other applications. 
Speech synthesis is probably the most com- 
mon application. An increasingly important 
application of integrated signal processing is 
in the video area. The important devices 
are D/A and A/D video processors and 
video palettes. The demand for high quality 
graphic capabilities will continue to put 
pressure on improvements in these devices. 
Further, as multimedia applications begin to 
emerge, the market for testing video mixed 
signal devices will grow tremendously. 


The markets for digital signal processing 
(DSP) and embedded controllers will also 
drive the need for mixed signal testing. 
Growth of the DSP market is driven by the 
greater performance and flexibly offered by 
these devices. Embedded controllers pro- 
vide the ability to design in high levels of 
integration which lead to increased speed 
and reduced system size. 
| 
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Yet, testing ISP devices have proven to be 
difficult. Major issues at the linear circuit 
component level have concerned cost, speed 
and integration ability. High levels of inte- 
gration in semiconductor manufacturing 
offer tremendous improvements in cost and 
speed. Previously, ISP has been too costly 
to implement at the systems level. Their 
use was restricted to those user segments 
which were cost independent. Additionally, 
such systems were slow, which barred them 
from many real-time applications. Automo- 
tive and speech synthesis applications were 
unrealistic. However, these limitations have 
fallen away as the level of integration has 
been increased. Consequently, entire ISP 
systems can be integrated on a single chip. 


The Economics and Value of Testing in 
the Eighties 


One of the most perplexing trends to occur 
in the ATS industry during the eighties has 
been the decline in market growth. The 
CAGR 12.896 experienced by ATS in the 
eighties was less than half that of the previ- 
ous decade. The impact of this can be seen 
in Figure 3.3.1.1-18, which shows the per- 
centage of semiconductor sales spent on 
ATE equipment in the eighties. Clearly, 
less is being spent. 


There are several reasons for this. One is 
that expanding capital costs in wafer fabri- 
cation forced the industry to be more frugal 
with its capital dollars. However, this does 
not mean that successful companies have 
bought cheaper testers. Instead, they have 
bought more productive testers. Overall, 
system productivity has increased faster 
than price resulting in an ability to cut 
capital costs in testing. The ATS industry 
has done a marvelous job of getting greater 
productivity out of each additional capital 
dollar spent. This productivity came from 
faster test speeds, reduced dead times 
during testing and the development of 


VLSI RESEARCH INC 
| 331 26 


АИ SRE еа мм DTA Cm 


331070AB27 


огр-рега payqiyolg uoljonpoidey 
ОМІ HOYVASSY ISIA 066: © 


966! #661 6661 2661 166} 


ови ® 
Louis xL 
ea), обол V 


0661 6861 8861 4861 9861 5861 Раб! 286: 286! 1861 086+ 
%0 


и 775 77-----------......................----...) 


5 “FHS 


(sajes лојоприоошез JO 1ueoJed e se) 
аман ALVY ONIANE SLV 


В-ГЕ anb 


TERJE 


| 331 27 


VLSI RESEARCH INC 


parallel test technology. The results were 
that, tester prices went up by at least four 
times, device complexity went up by eight 
times during the eighties, yet capital expen- 
diture rates were halved. This was a great 
success story for the ATS industry. 


Still, users continue to demand more effi- 
cient systems at a low cost. The solution to 
this dilemma has been the advent of scal- 
able, or configurable architectures. One 
such system is the Teradyne AS10AL. Like 
most scalable systems, this is a user-config- 
urable system that offers high performance 
and сап be easily expanded to accommodate 
future improvements in device performance. 


Figure 3.3.1.1-19 shows how the A510AL is 
scalable at three levels. At the top level is 
a configuration board which routes signals 
from test head modules to the device under 
test. Teradyne offers a series of these 
boards from which the user can select the 
appropriate units. Below the configuration 
board is the test head itself. Most of the 
test head modules can be custom-configur- 
able making them easy to change as the 
user's requirements change. Finally, signals 
travel from the mainframe instrumentation 
and the test-head and configuration board 
to a set of user configurable buses. Other 
systems such as LTX’ Synchromaster have 
a similar scalable architecture. 


Another factor affecting the decline in ATS 
growth rates was the continued increase in 
probe yields and its effect on the value of 
testing to semiconductor manufacturers. 
Figure 3.3.1.1-20 will help illustrate what 
happened. The figure shows that there is a 
peak value of testing when manufacturing 
yield hovers around 5046. To see why, it 
must first be acknowledged that the value of 
testing is permanently wedded to manufac- 
turing yields. Let's distort the argument to 
the point of absurdity so as to bring out the 
cause: If one absolutely knew in advance 
that the components to be tested were going 
to be good, there would be no need whatso- 
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ever to test. No additional knowledge could 
possibly be gained so the value of testing 
would be zero. Likewise, if one knew eq- 
ually well in advance that a part was to be 
defective, the value of testing would again 
be zero. Consequently, testing only has 
substantive value when manufacturing yield 
is neither zero nor 100%. Now, simple 
binomial statistics can be used to show that 
the uncertainty, and therefore the value of 
testing reaches a parabolic peak when long- 
term manufacturing yield is 50%. As yield 
approaches the limits of either zero or 
100%, sampling methods come to prevail 
over in-line, 100%, testing. And sampling 
tests are only there to ensure that the pro- 
cess works, not to show whether the device 
is good or bad. For if the process passes, 
the device will surely pass. 


Now look what has been happening to yield 
(Figure 3.3.1.1-21). Die-sort yield has be- 
come the major weed-out point of manu- 
facturing-related defects.  Industry-wide 
manufacturing die sort yields have risen 
from typical values of 10-15% in the sixties 
to today's values of 7596. SSI components 
now yield around 99%. Japanese die sort 
yields of 256K DRAM’s are reported to be 
near 100%. Final test yields show similar 
improvements. Today’s final test yields 
seldom drop below 95%. Meanwhile, line 
yields have risen to values around 95%, up 
from their 1970 range of about 60%. These 
improvements are the driving pressures that 
have forced change in the testing industry. 


Now consider how the value in testing is 
distributed across process diagnostics, wafer 
sort, and final test. Some twenty years ago, 
the greater emphasis was placed upon final 
test, for it was here that the component had 
to pass muster. Wafer sort was only of 
secondary interest. Wafer-sort test-limits 
were guard-banded so pessimistically that 
many good parts in the marginal guard-band 
regions were thrown out in order to favor 
obtaining high yields at final test. 
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Figure 3.3.1.1-19 


Configurability of the A510AL Advanced Linear Test System 
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Figure 3.3.1.1-20 
Value of Testing the Product 
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As yields have improved over the years, the 
value in testing has shifted from final test 
back towards die-sort and process diagnos- 
tics. Process monitoring has become an 
acknowledged test point, too, for down- 
loading test pressures and cost from test. It 
is an economic issue not a reliability issue. 
Thus, in today’s environment, process diag- 
nostics and test share about equal impor- 
tance. The trend can be expected to contin- 
ue as wafer sort becomes the major test 
points while final test becomes relegated 
purely to sampling procedures. This should 
force dramatic changes in test equipment. 
It is thus no coincidence that the major test 
and prober houses are focusing strongly on 
wafer probe. The pressure is building from 
their customers. 


Figure 3.3.1.1-21 
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3.3.1.1.1 Market Segmentation of Logic ATS 
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= Logic ATS can be segmented into eight classifications. 


= The classifications are based on the maximum data 1/0 


channels available and the maximum digital frequency attainable. 


Logic test systems are a single category of 
testers that is segregated by eight distinctive 
classes. These classes are based on a vector 
quantity that we have termed MDCR. The 
term is derived from Maximum Data Chan- 
nel Rating. 


Logic test systems, being digital in nature, 
tend to increase in complexity in a binary 
fashion, doubling with each new pair of bits 
added on the control bus. Consequently, 
pin capability tends to go up in doublets—or 
octaves. For example, they tend to increase 
from 16 to 32 to 64, and then to 128, 512, 
1024 or 2048. Likewise, the frequency also 
tends to increase in octaves. But it increas- 
es from a decimal base rather than from a 
binary base. Frequency tends to increase 
from 5 MHz, to 10 MHz, and then to 20 
MHz, 40 MHz, and so on to 80, 160 or 320. 
The new MDCR rating is therefore merely 
a recognition of these fundamental group- 
ings that are provided within the equipment 
architecture itself. 


The method formalized at VLSI Research is 
to use the maximum number of data I/O 
channels available, whether single or dual, 
together with the maximum digital frequen- 
cy attainable, whether single or multiplexed. 
So as a case in point, a 20 MHz, 128 pin 
logic tester that is capable of 40 MHz in 
multiplex mode and 256 pin drivers in split 
I/O mode would be classed as а 256X40 
tester. 


Our analysis indicates that this will be a 
more fundamental measure of logic test 
equipment market boundaries than are 
other types of features available on the 
equipment. Moreover, by using broad 
enough categories, there is room left for the 
individual suppliers to be able to use specif- 
ic feature sets as differentiating elements 
for their equipment without requiring an 
entire new definition with each piece of 
equipment. 


Table 3.3.1.1.1-1 illustrates the effectiveness 
of this methodology with current types of 
testers. MDCR class 1 consists of those 
testers below 32X10; those in class 2 are 
below 64X20; those in class 3 below 128X40, 
etc. It is to be noted that while most tester 
types tend to occur at the corners of each 
class domain, there are still a few that are 
along the sides. So to accommodate these, 
a criteria has been developed to the effect 
that a tester will be included in any one 
class so long as either one of its vector ele- 
ments exceeds the minimum class level for 
that class, while the other quantity equals at 
least one half of its class rating. This phras- 
eology is codified in Table 3.3.1.1.1-2. As 
an example, a tester with a 128X40 MDCR 
rating would be in class 4 because it is at 
the class 4 corner. So too would be a tester 
with a 129X20 or one with 64X41 rating, 
since either of these exceeds one half of at 
least one of the vector quantities. 
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Figure 3.3.1.1.1-1 


Graphical Portrayal of Maximum 
Data Channel Rating 
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TABLE 3.3.1.1.1-2 


DEFINITION OF MDCR CLASS FOR LOGIC TESTERS 


The Maximum Data Channel Rate (MDCR) classification method represents a new 
classification scheme by VLSI Research Inc. for VLSI logic testers. This new class is 
a vector definition designed to better categorize logic testers markets by application. 
It is based upon the maximum multiplexed data channel rate of a particular system 
and its maximum channel size, when considering dual-channel pincards. 


MDCR 
LOWER 
CORNER LIMIT ester 
(channel size x speed) 


NO of ом = © 


A complete listing of all available logic test 
systems categorized by the MDCR class 
rating is given in Table 3.3.1.1.1-3. 


This table also provides a price rating that 
can be used as a further crosscheck of the 
viability of this method of classification. 
Price rating is the average selling price of a 
system divided by the vector magnitude of 
its MDCR rating. vector magnitude is 
simply the root-mean-square value of the 
data channel rating (in pins) and the fre- 
quency (in MHz). Figure 3.3.1.1.1-4 pro- 
vides a graphical correlation of the price 
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index. Here it can be seen that there is a 
good degree of correlation between the 
vector magnitude of the MDCR and price. 


Figure 3.3.1.1.1-5 places this rating on a 
more quantitative basis. In this figure, each 
machine is positioned by average selling 
price and by price index. It can be readily 
seen that there is in fact a loose correlation 
between MDCR and price. This occurs 
despite the various features available and it 
appears to be relatively independent of 
whether or not a tester-per-pin architecture 
is used. 
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Figure 3.3.1.1.1-4 


Correlation Between Price and MDCR 


(Data Shown Inside the Chart is Average Selling Price in Thousands 
of Dollars for the Systems Shown in Figure 3.3.1.2.3-1) 
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Figure 3.3.1.1.1-5 


WEIGHTED PRICE INDEX AS A FUNCTION OF PRICE FOR LOGIC TESTERS 
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3.3.1.1.2 Market Segmentation of Linear ATS 


PE. 


markets. 


VLSI Research categorizes linear testers 
into two sub-markets. The first consists of 
those traditional applications that need 
linear testers as they have always existed. 
The second group includes mixed signal 


testers. Mixed signal testers are further 
categorized by the primary application of 
the test system. The application categories 
include communications, converters, inter- 
face circuits, integrated signal processing, 
smart power and specialty mixed signal 
circuits. Table 3.3.1.1.2-1 depicts the type of 
devices that would be tested in each catego- 


ry. 


The mixed signal tester market is classified 
by application for several reasons. Chief 
among these is the fact that each applica- 
tion brings unique testing problems. This 
can best be illustrated by looking at the 
functional blocks of some the more common 
advanced mixed signal devices. Figure 
3.3.1.1.2-2 depicts the functional block of a 
typical analog dominant-technique circuit. 
In this case, a phase locked loop is shown. 
This is a fairly simple mixed signal device 
with a phase detector, low pass filter, high 


=" Linear ATS are segmented into traditional and mixed signal test 


Mixed signal testers are further segmented by the primary 
application of the test system. 
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speed op amp and voltage controlled 


oscillator. 


A more sophisticated interface device, a 
DASD file controller, is shown in Figure 
3.3.1.1.2-3. Figure 3.3.1.1.2-4 depicts a video 
RAMDAC, a typical integrated signal pro- 
cessing circuit and Figure 3.3.1.1.2-5, an 
ISDN U-Interface communications device. 


These figures indicate that mixed signal 
devices can become very complex. With 
this complexity, comes the need to control 
noise and to measure the timing delay 
between the digital and analog portion of 
the device. In order to address these prob- 
lems for the diverse array of mixed signal 
devices available, many ATS vendors have 
begun providing specialized versions of their 
automatic test systems that are focused for 
a specific application. A good example of 
this is the Teradyne A500 family of testers. 
Teradyne offers the A510AL which is tai- 
lored for advanced linear devices, the A51- 
OSP which addresses smart power devices 
and the A520C which is used for testing 
consumer devices. 


VLSI RESEARCH INC 
| 3.3.1 37 


TABLE 3.3.1.1.2-1 


€ Communications 


- Telecommunications 

- Modems 

- CODECs 

- Universal Asynchronous Receiver/Transceiver(UART) 
- Intergrated Service Digital Network (ISDN) 


© Converters 


- Analog-Digital 
- Digital-Analog 


e interfacing Circuits 


- Transceivers 
- Bus Interface 
- DASD Circuits 
- SCSI Circuits 


€ Integrated Signal Processing 


- Phase and Voice Array Signal 
- Digitial Signal Processing (DSP) 
- Video Palette 


@ Smart Power 


€ Specialty Mixed Signal Circuits 


- Automotive 
- Consumer 
- Industrial 


- Analog Dominant Techniques 
€ 1990 VLSI RESEARCH INC 


Reproduction Prohibited 2253-31P 
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Figure 3.3.1.1.2-2 


Funtional Block of a Typical Analog Dominant Technique Circuit 
(Phase Locked Loop shown) 


MACRO CELLS 


18001 - Phase Detector 
12001,2 - Low Pass Filter 
14002  - High Speed Op Amp 
16001  - Volt. Controlled 


Oscillator 
© 1990 VLSI RESEARCH INC 
Reproduction Prohibited 2234-56 
Figure 3.3.1.1.2-3 
Functional Block of a Typical Interface Circuit 
(DASD file controller shown) 
Parameter | Parameter Register Decode | Decode 
MACRO CELLS Serial To 
Parallel 
To be established. Converter 


CRC/ECC 
Generator 
Checker 


Parallel 


To Serial 16 Bit DMA 
Converter Counter 


© 1990 VLSI RESEARCH INC 
| Reproduction Prohibited 2234-57 
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Functional Block of Typical Integrated Signal Processing Circuit 


MACRO CELLS 
17122 - D/A Converter 


1400 - Op Amp 
26012  - Address Latch 


Address Multiplexer: 


23010 - 8 Input Multiplexers 
23005 - 2 Input Multiplexers 


(Video Palette RAMDAC shown) 


Reference 


Figure 3.3.1.1.2-5 


© 1990 VLSI RESEARCH INC 
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Functional Block of a Typical Communication Circuit 


MACRO CELLS 


Hybrid Filter 

Active Filter 

Echo Cancellor 

ADC 

DAC 

Driver 

Receiver 

DSP Processor 

Digital Phase Locked Loop 
Voltage Reference 

Voltage Controlled Oscillator 
Buffers 

Multiplexer 

de Multiplexer 


(ISDN U Interface shown) 


MCLK/XTAL XTAL2 


Transmit 
Framing 


& 
Scrambling 
Elastic & 
Buffers 
& 


DPLL2 
Activation 


& 
Convergence 
Sequencer 


D Channei 
Port 


Receive Sync 
& 


Framing 


Transmit 
Pulse 
Generator 
& 
Filter 


Adaptive 
Echo- 
Canceller 


Timing 
Recovery - 
DPLL1 Signal 
Detector 
& | 
И Descrambling A ПРЕ & 
& CRC Circuit 52 


GNDD1 GNDD2 


3140-01 
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3.3.1.2 Development of the Burn-in Industry 


RAE. 


monitored. 


nology. 


The burn-in industry began as a fragmented 
custom market. Prior to 1972, it existed 
mostly as an in-house engineering effort, as 
did much of the semiconductor captive 
equipment industry. Semiconductor manu- 
facturers would purchase the burn-in ovens 
intact—usually from Blue M or Despatch— 
and would then build their own systems. 
Marin Controls and Aerotronics were two 
of the earliest commercial suppliers to 
exploit this captive market. A photo of the 
Marin Controls System 25 is shown in 
Figure 3.3.1.2-1. Neither of these two com- 
panies were successful. In 1981, Marin 
Controls was acquired and it was then shut 
down. Aerotronics became engaged in, and 
soon distracted by, burn-in of automotive 
parts. However, Aerotronics did survive in 
this field, and was acquired by General 
Signal. 


Dynamic RAMs arrived on the burn-in 
scene in the early 1970’s. These required 
dynamic burn-in as part-and-parcel of their 
manufacturing process. None of the suppli- 
ers who existed at the time could satisfy this 
new burn-in requirement. The most compli- 
cated systems of the time followed MIL- 
STD 883 ring-oscillator burn-in procedures. 
But RAMs did not fit easily into this burn- 
in category. So the Test Service Laborato- 
ries took on the task of RAM burn-in. 
Pacific Reliability Labs, DCA Reliability 
Labs, Continental Test Labs, Reliability 
Inc., Trio- Tech, and Microtest were some of 
the larger test service laboratories who grew 


a Burn-in is segmented into three categories: Static, dynamic and 


Burn-in continues to be driven by the evolution of DRAM tech- 


up to service this market. Most of these 
subsequently began to market the equip- 
ment they had begun building for them- 
selves. Reliability Inc., Microtest, and Trio- 
Tech are outgrowths from that industry. 
Trio-Tech and Reliability Inc. continue to 
supply both systems and services to this day. 
Microtest divested its service business, 
which is today known as Alpha-Test. Micr- 
otest was then acquired by EG&G wake- 
field. 


Among the other early competitors, Aehr 
Test was a spin-out from Marin Controls in 
1977. AMT is a 1979 spinout from Microt- 
est. Loranger integrated vertically; first 
from being a socket manufacturer for burn- 
in boards to become a burn-in tray supplier. 
Then they moved into Systems. Micro 
Contro] is a Minnesota-based company 
which has its origins in Control Data Cor- 
poration. Wakefield is also an early suppli- 
er of burn-in trays that integrated upwards. 
ЕЈ. Systems spunout from Wakefield. 


The term ‘burn-in’ is usually meant to in- 
clude only those types of accelerated test 
methods which induce failures by carefully 
arranged combinations of temperature, time 
and voltage. The term is not meant to 
include shelf life tests such as, for example, 
when semiconductor components àre placed 
in a tray and merely baked in an oven. Nor 
does it include shock tests such as when the 
parts—again in a tray—are cycled through 
hot and cold chambers. 
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Figure 3.3.1.2-1 


The Marin Controls System - An Early Static or 
Dynamic Burn-in System 


The primary purpose in performing burn-in 
is to stress-test the components in a manner 
that will force the weak, unreliable, units to 
fail prematurely, while not overstressing the 
normal components. Burn-in is an inexact 
science requiring careful preplanning. This 
is because all the components to be tested 
were functioning normally beforehand. 
Only a small portion should fail if the lot 
was good and the test was performed prop- 
erly. Afterwards, all should continue to 
function except for the so-called ‘weak 


sisters’. These will have failed. In order to 
ensure that this occurs and that the ‘weak 
sisters’ do fail, the test must be very careful- 
ly designed so as to act as a reliability sieve. 


A principal objective in performing burn-in 
is to get around the excessive and some- 
times exorbitant cost of downstream fail- 
ures. The economics of these future fail- 
ures has been descriptively categorized in 
the so-called ‘rule-of-ten’. This is explained 
in Table 3.3.1.2-2. The essence of the rule 


VLSI RESEARCH INC 


| 3.3.1 42 


is that the cost to detect and repair an IC 
chip that has failed will increase ten times 
with each succeeding test point. A field 
failure will cost $500. but a component 
detected in burn-in or test at the factory’s 
incoming point of component inspection will 
only cost 50 cents. Back in the semiconduc- 
tor factory it can be detected for even less. 
These excessive costs are a powerful and 
overriding economic incentive to perform 
burn-in. It is an incentive both to the sup- 
plier and to the end user of integrated 
circuits. 


TABLE 3.3.1.2-2 
The Rule Of Ten 


At Each Preceding Step in Electronic System Manufacturing 
and Maintenance, the Cost to Locate and Repair a Faulty 
Integrated Circuit will Decrease by Ten Times. 


Point of Detection Approximate Cost 
Field Service Call $500 
Pre-Shipment System Test $50 
Subsystem Board Test $5 
Incoming Inspection 50€ 

ж ж ж 
During ІС Manufacture 20-25% 


© 1990 VLSI RESEARCH INC 
Reproduction Prohibited | 2234-52P 


There are three categories of burn-in. They 
are: 
e Static Burn-In 
- НТЕВ (High Temperature Forward Bias) 
- HTRB (High Temperature Reverse Bias) 
е Dynamic Burn-In 
е Monitored Burn-In 


One of the types of defects that burn-in is 
designed to detect is that due to contamina- 
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tion. Contamination failures аге oftentimes 
caused by the presence of unwanted sodium. 
This itself is usually due to faulty cleaning 
procedures during manufacturing. Sodium 
contamination can be detected by applying 
a reverse bias voltage for some fixed time 
period at some fixed temperature. The test 
conditions will not change during this peri- 
od, so it is known as static burn-in. The 
Marin Controls system shown in Figure 
3.3.1.2-1 was a static system. 


There are two methods of static testing, one 
is called HTFB and the other HTRB. 
HTFB refers to High Temperature Forward 
Bias. This denotes the test of a device at 
high temperatures, while its semiconductor 
junctions are forward biased. Such systems 
are almost exclusively dedicated to the 
burn-in of diodes and optical devices. 


HTRB refers to High Temperature Reverse 
Bias. In this case the semiconductor junc- 
tions are reversed biased. Failures that are 
caused by migration of ions in dissimilar 
metallic bonds will be accelerated by an 
HTRB test. HTRB systems are therefore 
used in the burn-in of all manners of discre- 
tes, bipolar integrated circuits, linear cir- 
cuits, and MOS integrated circuits. Most 
static systems are HTRB. 


Dynamic burn-in requires a slightly different 
procedure. The objective is to operate a 
component in a manner that simulates its 
actual performance when placed under 
temperature stress. To do this it is neces- 
sary to switch the input signals to the device 
off-and-on and to drive the inputs as is 
done in actual device operation. This type 
of burn-in is called ‘dynamic’ or sometimes 
‘functional’ burn-in in order to differentiate 
it from ‘static’ burn-in. Now, the reader 
should be careful to differentiate what 
dynamic burn-in is not. For example, it is 
not a test of functional performance at 
temperature extremes. That type of test is 
still done at final test. In fact, dynamic 
testing is done at temperatures substantially 
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above those specified as worst-case operat- 
ing limits. For example, most commercial 
parts have high temperature limit specifica- 
tions of +70°C (+158°F). But these parts 
are often dynamically burned in at 150°C to 
200 °C (302 °F to 392 °F). 


Moreover, dynamic test is not an actual 
‘test’ in the strictest sense of the word. 
Diagnostics are not being performed on the 
device during the time that dynamic burn-in 
is occurring. 


Dynamic burn-in systems are used exclusive- 
ly with digital components. Most are gener- 
ally limited to RAM or Microprocessor 
devices. There are four primary compo- 
nents to a dynamic system. These are: The 
oven itself, the D.C. power supplies needed 
to supply the device-under-test (DUT), 
some driver circuitry capable of simulating 
the input of the device, and some kind of 
control circuitry. 


The EG&G Titan system (See Figure 
3.3.1.2-3) represents one type of burn-in sys- 
tem. This particular system can be made to 
perform in either a static or a dynamic 
mode. This system uses a popular ‘feed 
thru’ mechanism that keeps the electronic 
driving circuits at room temperature while 
the burn-in boards or 'trays'—as they are 
sometimes called—are kept inside the oven. 
Figure 3.3.1.2-4 depicts the scheme. 


The oven system contains a stainless steel 
tray-frame assembly with precision align- 
ment to assure mating when the tray is 
inserted. Rails are used to guide the tray 
into place and to provide proper alignment. 
The backwall insulation is thermally sealed 
with an inner and outer silicon rubber 
gasket and about 3.5 inches of glass wool 
material. Consequently, heat loss is at a 
minimum and the back wall is sealed for 
inert gas atmosphere. 


A feedthru hole exists in the backwall. An 
extender card is inserted in each feedthru 
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slot from the inside of the oven. This card 
consists of a pin connector soldered to a PC 
board. the extender card connector is 
secured to the inner wall of the backplane 
with two screws. All stimulus to the tray is 
then provided from outside the oven 
through the extender card. 


A somewhat different system is provided by 
Kineticon, a Scottish firm. Its burn-in 
system is shown in Figure 3.3.1.2-5 while a 
photo of its universal burn-in tray, and a 
drawing of its carriage mechanism is shown 
in Figure 3.3.1.2-6. 


The key feature of the Kineticon system is 
the unique design of the Kineticon burn-in 
board. The figure shows that the device 
sockets are located at one end of the burn- 
in board, while the test and control logic is 
clustered at the other end. An insulated 
wedge made of a three inch thick silicon 
foam separates the device sockets from the 
logic. This wedge provides a comprehensive 
seal in the oven wall when the carriage 
mechanism is activated, placing the devices 
under test into the elevated temperature 
region while leaving the test and control 
logic in the ambient temperature zone. 


The actual board is housed in a molded 
plastic frame, and the logic circuitry at the 
front end of the board is protected by a 
molded cover integrated into a carrying 
handle. 


Monitored burn-in is the most recent form 
of burn-in that has emerged. Monitored 
burn-in differs from dynamic burn-in on one 
significant point: the output of the integrat- 
ed circuit is being monitored or tested and 
diagnostics are being performed during the 
actual burn-in period. In this case, the 
objective is purely economical and generally 
only of use to the semiconductor manufac- 
turer, not to the end user. It happens that 
the required methods for electrically testing 
the device have grown uneconomically long. 
This is particularly true for memory testing. 
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Figure 3.3.1.2-3 


The EG&G Model 500A-75 
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Figure 3.3.1.2-5 


The Kineticon Dynamic Burn-in System 
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Ref: Kineticon 
2234-48 


Figure 3.3.1.2-6 


The Kineticon Burn-in Board with its Fixturing Mechanism 
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Figure 3.3.1.2-7 


Block Diagram of a Monitored System 


Excessive test time on such expensive ma- 
chines cannot generally be passed on to the 
buyer. But the bulk of these tests can be 
done by the dynamic burn-in equipment 
already in the burn-in ovens, and at only a 
fraction of the regular test cost. 


Physically, the system appears the same as 
any other system. Electronically, it has 
additional sensing circuitry. Figure 3.3.1.2-7 
depicts the block diagram of a typical moni- 
tored burn-in system. 


The trend to monitored burn-in can be 
expected to accelerate along with the trend 
towards larger memory. One and four 
megabit DRAM's have been in production 
for several years. Sixteen megabit DRAMs 
will follow in 1991. The trend in memories 
is clearly continuing towards ever-larger 
complexities with a 64 MB DRAM in sight. 
This trend has brought enormous pressure 
to bear upon reducing test-time-demand. 
As an example, the one megabit DRAM has 
a minimum cycle time of 600 nanoseconds. 


A Galpat type of memory test on this device 
would require 1333 hours. This is more 
than eight full weeks just to test one device. 
Moreover, a more conventional memory 
test known as a three-halves power test 
would require 1.3 hours. The cost to per- 
form either of these tests would far exceed 
the going price of the device itself. 


In order to reduce such associated test 
costs, manufacturers are turning to function- 
al testing while the memories are being 
burned-in. Two things are thereby accom- 
plished. First, the time to burn-in the de- 
vice has already been taken up, so the time 
taken to test comes virtually free of cost. 
Second, the unit is also already at its high 
temperature limit, so high temperature 
handlers will not be needed at final test. 


The latest strategies for monitored burn-in 
call for a short burn-in time between 4 to 8 
hours as contrasted with the more usual 24, 
48 or 168 hour periods. This short burn-in 
is then followed by a functional test. If the 
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units pass the test, burn-in can be stopped. 
But if they fail a critical lower quality limit, 
the burn-in is continued for a while longer 
and then rechecked. This test sequence is 
repeated several times until a designated 
quality level has been reached. Often, the 
burn-in can be stopped after one cycle if the 
lot quality exceeds historical standards. 
These standards are determined by having 
tracked previous lots. Consider the.follow- 
ing data taken at Motorola in 1987: 


Total Number Burn-in Cumulative Failures 


of Devices Duration Failures Рег Cycle 

on Burn-in (hours) 
2400 6 20 20 
2380 12 25 5 
2375 18 28 3 
2372 25 30 2 
2370 30 31 1 
2369 36 33 2 
2367 42 34 1 
2366 54 38 4 


This data was obtained on 64K DRAM's 
stressed at 8 volts while at a 125°C dynamic 
burn-in temperature. Fully 53% of all 
cumulative failures occurred within the first 
six hours. And after only 12 hours, some 
6695 of the failures had been detected. 
Some 7496 accrued within 18 hours. 


The monitored burn-in cycle has two benefi- 
cial effects. The first is that good devices 
will not be needlessly damaged by excessive- 
ly long burn-in times. This ensures high- 
quality while improving yields. Second, far 
less burn-in equipment and cost will be 
needed to equip one production line. In 
fact, the total number of systems needed for 
monitored burn-in is only about 3046 of that 
needed for dynamic burn-in. There will be 
additional cost savings in lower floorspace 
and labor requirements. 


Burn-in at high temperatures often requires 
that the devices be contained in an inert 
atmosphere such as nitrogen. Moreover, 
the devices are consuming power and there- 
by getting hotter, while the controlled atmo- 
sphere will not always carry away the excess 
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heat. These limitations have caused some 
manufacturers to consider liquid burn-in 
systems. 


In liquid burn-in systems, the devices are 
immersed in an inert liquid rather than in 
air. It is usually a freon such as FC-40. 
Power is applied to the device while in the 
liquid. 


Liquid burn-in is especially applicable when 
burning-in power devices that may have a 
high junction-to-case thermal resistance. If 
a device generates more than about five 
watts total power and has a junction-to-case 
thermal resistance of more than 10° C/W, 
or if a device has a junction-to-case thermal 
resistance of 25? C/W and generates two 
watts, liquid burn-in can be considered. 


In addition to excellent heat transfer, which 
minimizes the temperature differential 
between the case and liquid and prevents 
burn-out, other advantages of liquid burn-in 
include: 


excellent temperature control and stability. 
no oxidation. 

space savings, and 

access to individual fixtures without 
interrupting burn-in of other fixtures. 


Temperature stability in liquid burn-in 
systems is better than it is in air systems. 
With proper agitation and mixing (50 gal- 
lons per minute of stirring for 50 gallons of 
liquid), thetemperature gradient throughout 
a system will be less than + 0.59 C even with 
full power applied (5,000 W). Burn-in of 
multiple devices can therefore be accommo- 
dated with no hot spots. 


While these advantages appear to be co- 
gent, liquid burn-in has yet to make an 
appreciable impact in burn-in, and has had 
only a few sales. 


FTS Systems in Stone Ridge, NY manufac- 
tures a liquid burn-in system. Figure 
3.3.1.2-8 depicts its architecture. 
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3.3.1.3 Development of the Design Diagnostic Industry 


Ew d 


a The design diagnostic industry is subsegmented into circuit 
probers and modification tools. 


Circuit probers include E-beam and laser beam design diagnos- 


tic system. 


Modification tools include FIB systems. 


Design diagnostic systems is subsegmented 
into two categories. These are: 


€ Circuit Probers 
өе Modification Tools 


Circuit Probers are primarily E-beam or 
laser beam based systems used for design 
diagnostics. This type of equipment is used 
primarily for failure analysis in the R&D 
environment using a non-contact method. 
Brief drawings of Circuit Probers are shown 
in Figure 3.3.1.3-1. 


Part of the technology used in E-beam 
design diagnostic systems was developed in 
the mid-1960's by Graham Plows and Wil- 
liam Nixon in the United Kingdom. It was 
not until the mid-seventies that IBM and 
Siemens had perfected the technology into 
the first E-beam design diagnostic system. 
Siemens developed the technology for cap- 
tive use. Lintech and Integrated Circuit 
Testing (ICT) were the first companies to 
develop a commercial system. The Lintech 
system became available in 1980. Hitachi 
entered the market during 1983. Other 
companies to introduce system are Applied 
Beam Technology, Cambridge and Schlumb- 
erger. Mitsui-Comtek has also entered the 
market with a laser-based design diagnostic 
system, developed by Dataprobe. 


An E-beam circuit prober consists of an E- 
beam system and a scanning electron micro- 
scope (SEM). The approach used is much 
like that used in the scanning electron 
microscope. Useful results depend upon 
the fact that data is stored as stored electri- 
cal charges. The scanning electron beam 
will interact with these stored charges and 
be able to ‘see’ different light or dark spots 
on a chip based upon the charge available. 
The scanned area will be light or dark 
depending upon whether a ‘zero’ or a ‘one’ 
has been stored. 


E-beam circuit probers have been previously 
unsuccessful because of two reasons: First- 
ly, they were too slow to be of practical use 
in production applications. Secondly, the 
test results obtained were visual rather than 
electrical. These were not amenable to the 
precise measurements needed due to the 
numerous changing lights—at least not with- 
out a means of comparison against some 
known standard. The primary advantage E- 
beam systems offer is that they allow diag- 
nostic testing of a subsystem within a large 
silicon based system. This has important 
benefits for researchers who are developing 
VLSI devices, for it allows detection of 
design defects, structural defects, and opera- 
tional malfunctions of these isolated por- 
tions. The defects may lie buried unless the 
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Figure 3.3.1.3-1 


TYPICAL DESIGN DIAGNOSTIC SYSTEMS 


VLSI RESEARCH INC 
| 3.3. 53 


entire system can be tested. Consequently, 
E-beam circuit probers have developed into 
an analytical tool for R&D purposes. 


The non-contact probe on the E-beam 
allows the system to test devices as geome- 
tries continue to shrink. Manual contact 
probers generally cannot be used below 1.0- 
micron because the probe point is too large 
for interconnection and difficulties arise 
even at 1.0-micron. 


The scanning electron microscope allows a 
design engineer to actually see the logic 
flow within a functioning integrated circuit. 
The design engineer can see where a fault 
originates and subsequent failures as they 
continue through the device. Additionally 
E-beam as well as laser-beam based systems 
compare information from a known good 
device and superimpose it on a questionable 
device searching for variations and thus 
possible failures. 


Laser-beam circuit probers are used much 
like the E-beam systems except they employ 
alaser. One advantage that laser beam sys- 
tems offer is that they do not require that 
diagnostics be conducted in a vacuum envi- 
ronment. Also laser beam systems do not 
require a stub to penetrate a passivation 
layer, as does an E-beam system. The 
major disadvantage with laser beam probers 
is that they are limited to non metalized 
areas where the laster beam will not reflect 
off the metalization layer. 


Mitsui’s laser design verification system may 
offer a more viable solution. It has no 
potential for damaging the circuit. It is not 
necessary to remove the passivation layer. 
It’s main limitation is that it works primarily 
on CMOS. This is not too significant a 
limitation, however, since most available 
ASIC devices are CMOS. 


Laser design diagnostics work by positioning 
a laser beam on the source or drain of a 
transistor. The photoelectric interaction of 
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the transistor is then measured. Actual 
logic states are shown on a video scan. 


Both methods offer the potential for getting 
into the circuit in a guided probe fashion. 
This increases the number of available 
nodes that an output can be obtained at. 
Thus, E-beam and laser design diagnostic 
systems are looked upon as powerful tools. 
Because of this, both testing and probing 
have undergone some fundamental changes, 
as these methods have reached the R&D 
environments. 


Modification tools are primarily made up of 
Focused Ion Beam (FIB) systems. FIB 
modification tools were introduced with a 
lot of fanfare in the early eighties—after 
which they almost disappeared. Like its 
acronym implies, it was another technology 
that over-promised and under-delivered. 


Nevertheless, the time eventually came for 
the technology. A lot of development has 
gone into FIB’s since the early eighties. 
FIB modification tools are becoming accept- 
ed as an important IC development tool. 
Especially by semiconductor manufacturers 
who are creating proprietary products. The 
benefits of FIB modification tools are real- 
ized through the system’s ability to cut 
traces, to drill through oxides and to selec- 
tively deposit tungsten for patching traces 
together. (See Figure 3.3.1.3-2). In essen- 
ce, the system’s focused ion beam allows it 
to perform microsurgery on a chip at geom- 
etries that are well below one micron. The 
system starts by selectively etching films. A 
beam cuts traces and drills contact windows. 
It then introduces a tungsten based goes 
and uses beam energy to selectively deposit 
tungsten patch wires on the circuit. It can 
also be used for making selective cross 
sections of a die or for evaluating crystal 
damage. 


This makes FIB’s absolutely essential to IC 
designer since they reduce costly mask 
redos during IC development. This capabil- 
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ity saves the semiconductor manufacturers 
both resources and development time. This 
leads to quick turnaround times and reduces 
redesigns cost which gives the semiconduc- 
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tor manufacturers a competitive edge in the 
market place. In fact, one user claims that 
FIB's save 13 to 16 weeks of development 
time. 
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Figure 3.3.1.3-2 


Capabilities of FIB Modification Tools 
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